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我们通过 CRISPR-Cas9 基因编辑技术构建敲除 hnRNPA2/B1 的 MCF-7 细胞系，
检测其对生物学功能的影响，并研究 hnRNPA2/B1 对部分基因的可变剪接的作用。
还通过亲和纯化技术结合液质联用质谱（HPLC-MS），构建与分析 hnRNPA2/B1
相互作用蛋白网络，利用生物信息学方法对 hnRNPB1 相互作用蛋白进行 KEGG
信号通路及功能分析，进一步来研究 hnRNPA2/B1 在乳腺癌细胞中的作用与机制。 
MTT 法检测发现敲除 hnRNPA2/B1 后细胞增殖会降低，transwell 检测发现
细胞迁移和侵袭会增加，并抑制细胞的凋亡和自噬。Western blotting 和定量 PCR
结果显示，敲除 hnRNPA2/B1 后，与增殖相关的基因 STAT3、P-STAT3、AKT、
P-AKT、CDK4 表达减少，细胞周期抑制因子 P27 增加。与 EMT 相关的基因
E-Cadherin 减少，Snail、Vimentin、Twist 增加，并且 VEGF-A 增加，促进了 EMT
的发生；促凋亡相关的基因 Bax 减少，裂解的 Caspase-3 减少，与自噬相关的基
因 LC3BⅡ减少，自噬抑制因子 P62 增加。可变剪接研究结果显示 hnRNPA2/B1
参与了多个基因的可变剪接调控。敲除 hnRNPA2/B1 后，促迁移的 RON 基因的
外显子 11的跳跃增加；Caspase-9基因外显子 3 到 6的跳跃增加，全长的Caspase-9
减少而抗凋亡的 Caspase-9B 增加；抗凋亡的 C-FLIP 长的异构体增加。回复实验
中恢复表达 hnRNPA2/B1 后 STAT3、 E-Cadherin 水平增加，Snail、Vimentin、
Twist 水平减少。 
此外， hnRNPB1 的相互作用蛋白网络的研究结果显示，hnRNPB1 相互作
用蛋白主要涉及到的 KEGG 信号通路有 RNA 运输、RNA 的降解、TCA 循环、
细胞增殖、氧化磷酸化、丙酮酸代谢、阿尔滋海默氏病、蛋白酶体、细胞周期的
进程、细胞粘附、细胞凋亡等。根据其所涉及到的信号通路结合我们生物学实验
的结果，我们从中找寻找到了重要的节点蛋白 STAT3 和 NPM，并用 CO-IP 验证













































An emerging body of data shows the overexpression of hnRNPA2/B1 in many 
cancers, but its specific molecular mechanism in tumors is still poorly understand. In 
order to explore the mechanism of hnRNPA2/B1 and find valid therapeutic target in 
breast cancer. We used CRISPR-Cas9 to construct the stable MCF-7 cells in which 
hnRNPA2/B1 were konck-out, and explored the change of proliferation, migration, 
invasion, apoptosis, autophagy. Besides, affinity purification by flag magnetic beads 
and identified the separated proteins by HPLC-MS. Bioinformatics analysis of MS 
results using string database and costructed the interation network of hnRNPB1, the 
KEGG pathway of the interation network of hnRNPB1. 
 MTT assay showed knock-out of hnRNPA2/B1 reduce the proliferation of 
MCF-7 cells, transwell assay results showed knock-out of hnRNPA2/B1 increased the 
migration and invasion of MCF-7 cells, besides knock-out of hnRNPA2/B1 inhibited 
apoptosis and autophagy. Western blotting results showed that the expression of 
P-STAT3, AKT, P-AKT, CDK4 decreased and the expression of cell cycle inhibitor 
P27 increased. Some genes related to EMT, for example, the expression of 
E-Cadherin decreased, the expression of snail, vimentin, twist increased. Some genes 
related to apoptosis, for instance, the expression of Bax decreased, the expression of 
cleaved-caspase3 decreased. Some genes related to autophagy, the expression of LC3
Ⅱdecreased, the expression of P62 increased. QPCR results showed that knock-out of 
hnRNPA2/B1 decreased the mRNA level of E-Cadherin, and increased the mRNA 
level of snail, vimentin, twist, VEGF-A. Alternative splicing results showed the 
skipping of exon 11 of RON increased, knock-out of hnRNPA2/B1 enhanced skipping 
of exons 3 to 6 generating the anti-apoptotic isoform caspase-9B, and increased the 
long isoform of c-FLIP. Restored the expression of hnRNPA2/B1 increased the 
mRNA expression of STAT3, E-Cadherin, and dcreased the mRNA expression of 

















On the other hand, we obtained the interation network of hnRNPB1, the KEGG 
pathway of the interation network of hnRNPB1, including RNA transport, RNA 
degradation, TCA cycle, cell proliferation, oxidative phosphorylation, cell adhesion, 
cell apoptosis and so on. We searched the important node protein STAT3 and NPM, 
we found the interation between hnRNPA2/B1 and them by CO-IP and the 
colocalization by immunofluorescene. 
In conclusion, our results showed knock-out of hnRNPA2/B1 decreased the 
proliferation of MCF-7 cells, increased the migration and invasion ability and 
decreased the apotosis and autophagy. Besides hnRNPA2/B1 had a interaction with 
NPM and STAT3. Our results implyed that hnRNPA2/B1 was not only a tumor 
suppressor or oncogene. HnRNPA2/B1 may paly dual role in breast tumor 
progression, it increased the proliferation ability of MCF-7, but decreased the 
migration and invasion ability of MCF-7 cells. The expression of hnRNPA2/B1 may 
be a potential markers for breast cancer progression and prognosis. 
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路持续激活。人类肿瘤中 40%的激活突变会影响 B-Raf 的结构，使 Raf 到 MAPK
信号通路被持续激活[1]。相似的，PI3K 催化亚单位的突变在很多肿瘤中被发现，





在的凋亡程序，例如 Fas 配体/Fas 受体），另外一种是整合细胞内来源的各种死
































体参与新生血管的发生，VEGF 信号是通过 3 个酪氨酸激酶（VEGFR-1–3）来
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